(Received 23 July 1952) The whales commercially taken in Antarctic waters are of two main types, the whalebone whales (Mystacoceti), represented chiefly by the blue (Balaenoptera musculu,s), fin (B. physalus) and humpback (Megaptera nodosa), and the toothed whales (Odontoceti) represented only by the sperm (Physeter catodon).
The whalebone whales of Antarctic waters live almost entirely on krill (Euphausia superba dana), and the presence of preformed vitamin A in these creatures has been demonstrated by Batham, Fisher, Henry, Kon & Thompson (1951) . The oils derived from all these whales are so similar as to justify their being mixed.
By contrast, however, the sperm whale feeds, in most if not all areas of the Antarctic, almost exclusively on cephalopods of the '10-armed' variety. The oil derived from the sperm whale is very different from that of the whalebone whales, being rich in hexadecyl alcohol and other waxy substances, and is carefully kept separate.
It was decided to examine the liver ofthe cephalopod to confirm the presence (long suspected in the whaling industry) of preformed vitamin A. At the same time the livers both of the cephalopod and the sperm whale were examined for carotenoids and derivatives of vitamin A. A sample of salps was also examined.
Most of this work was carried out on the Antarctic whaling grounds on board the floating factory ship Balaena during the 1951-2 whaling season. Detailed accounts of modern whaling operations are published by Cockrill (1951) and Sharp & Marsh (1952) .
Materials and methods of collection The only convenient source of cephalopods is the stomach of the sperm whale. Well-preserved specimens are rare, though examples up to about 3 ft. long are sometimes found practically intact and have previously been preserved and brought home for examination. Fragments of much larger specimens have been found, and by simple proportion it has been calculated that some of these would have body lengths of about 14 ft. (4-3 m.), implying that the two long arms would be an additional 14 ft. (4-3 m.) long. Large quantities of the indigestible.portions (beaks, eye lenses, gladii, etc.) are always found.
Dissection of an externally intact example often showed that the liver was in process of consumption by parasitic worms which occur in large quantities in the whale stomach. To secure a suitable liver it was, therefore, essential (i) that the whale should have eaten shortly before its death, (ii) that the interval between shooting and dissection on the deck of the factory ship should not exceed 3 hr., and (iii) that during the shooting and towing to the factory the whale should not disgorge its latest meal. Such a combination of circumstances was rare and only one suitable cephalopod was secured during the 1951-2 season. This creature was dissected by Mr S. Brown of the Discovery Committee and found to be a female ofthe species Moroteuthsi ngens Smith with overall length of 36 in. (90 cm.). The only portion of the cephalopod so far examined is the liver, though other parts may contain vitamin A. The eyes are of interest since they are structurally not unlike the human eye and are very large. On one occasion it was possible to examine the stomach content of a cephalopod, and this appeared to consist of fragments of krill. A readily accessible elementary account of the cephalopod has been published (Buchsbaum, 1951) .
Sperm-whale liver. This was removed during dissection and portions weighing 0 5-1 0 kg. were brought to the laboratory, sampled, and worked up as quickly as possible. The liver portions are usually taken from the centre of the most readily accessible lobe, experiments having shown that the concentration both of oil and of vitamin A is subject to variation in different parts of the liver.
Salps. These were taken, among a variety of other creatures, by means of a small conical net towed occasionally from the stern of the factory ship. It was hoped to obtain fresh krill by this method, but in fact none was caught. The plankton occurred in large numbers in reddish patches on the sea surface. Such patches were previously considered to consist invariably of krill. amounts of diethyl ether in the light petroleum, and a fraction consisting of' pure' vitamin A emerges just after the yellow band has left the column. With factory-produced liver oil this fraction is sufficiently pure (i.e. exhibiting the normal vitamin A absorption spectrum) to conform with the requirements of the World Health Organization Report (1950) , the shape of the absorption curve being within 2 % of that found by Morton & Stubbs (1948) between 310 and 350 m,u. Following the vitamin A are the kitol and steroid fractions. The matter is more fully discussed below (p. 462).
EXPERIMENTAL
Reaction with ethanolic hydrogen chloride. The solvent-free material is treated with 0-03N reagent at the rate of about 50 ml./g. and left to stand in the dark for 40 min. The material is extracted at least three times with diethyl ether and the combined extracts repeatedly washed with water to remove inorganic matter. The extract is dried over anhydrous Na2SO4, the ether removed and chromatography carried out using the strongest adsorbent alumina available. The absorption spectrum of the first material to emerge is examined for the anhydrovitamin A maxima. Its elution can be seen from its orange fluorescence in ultraviolet light (Edisbury, Gillam, Heilbron & Morton, 1932; Shantz, Cawley & Embree, 1943) .
Further chromatography of eluted material8. Further chromatography was usually carried out by the method of Karrer & Jucker (1950) . A glass tube about 20 cm. long and 1 cm. int. diam. is plugged at the lower end by means of cotton wool and inserted into a bored rubber bung carrying a piece of glass tube of smaller diameter. This also carries another bung which can be inserted into a Buchner flask.
The tube is filled with suitable alumina in small batches, using pressure from above and suction from beneath. The solution is poured on to the top of the column (the surface of which is protected by a thin layer of kieselguhr) and viewed if necessary in ultraviolet light. The chromatogram is developed with light petroleum or n-hexane, and when the bands are suitably separated the tube is removed and the contents extruded. The zones are separated by means of a spatula, and the various fractions are eluted in stoppered flasks with diethyl ether. After filtration the ether is removed under reduced pressure and the material examined with the Beckman spectrophotometer. 
RESULTS

Liver of cephalopod
Confirmation of presence of vitamin A
A belief that the liver of this species contains vitamin A has been held for many years. This belief is based on the Carr-Price test and on the ultravioletabsorption spectrum of ethereal extracts. To confirm the presence of vitamin A, some of the unsaponifiable fraction was treated with anhydrous ethanolic hydrogen chloride and the absorption spectrum of the product examined for evidence of the presence of anhydrovitamin A. Absorption curves showing the effect of 15 min. treatment with 0 03N-ethanolic hydrogen chloride are reproduced (Fig. 2) . For further confirmation, some more material was allowed to stand with this reagent for 40 min. and the product in n-hexane was then chromatographed on weakened alumina. Development was with n-hexane, followed by nhexane containing gradually increasing amounts of diethyl ether, then pure ether. The following fractions were collected in 5 ml. tubes: Carr-Price colour, shape of curve and lack of fluorescence give little help in identifying the materials contained in tubes 11-14. In the case of tubes 7-10 and 19, however, it is possible that there is some correspondence with the work of Karrer (1947) . Thus, in the reaction of chloroform and acid with vitamin A epoxide, he obtained two substances:
(1) had maxima at 333-5, 350 and 367-5 m,., and agreed with C20H3002 (solvent, ethanol); (2) had the same spectrum as vitamin A but was biologically inactive.
(1) would seem to correspond with tube 19, and (2) with tubes 7-10. This is the only evidence so far forthcoming for the presence of a provitamin D in Antarctic cephalopods. Its presence was expected, however, since similar and better defined absorption curves were obtained on chromatography of the unsaponifiable matter from two cephalopods (Loligo forbe8ii and 'Sepia offlcinrli8) from the Plymouth area. In this case, however, there were greater concentrations of vitamin D and provitamin D while vitaimin A was not found.
The cephalopod liver appeared to contain no kitol.
Liver of sperm whale The chromatographic method of Gridgeman et al. (1948) is primarily intended for the isolation of vitamin A alcohol from the unsaponifiable matter of factory-produced whale-liver oil, that is, after drying and extraction of batches of minced liver on the large'scale. Measurements made in this country with the Unicam quartz spectrophotometer on chromatographed fractions showed that numbers of samples of factory-produced liver oil gave figures for the intensity of absorption expressed as fractions of that at A,,,. closely corresponding to the Morton & Stubbs ratios (1948) between the wavelengths 310 and 350 m,u., so that the 1900 conversion factor could be applied directly to the E"°. value at 326 m,. without correction (World Health Organization Report, 1950). (Solvent, cyclohexane.)
The method was applied to the unsaponifiable matter from a sample of raw sperm-whale liver, and the results compared with the ratios for vitamin A derived from a fish-liver oil (Morton & Stubbs, 1948) and for synthetic all-trans-vitamin A (Cama, Collins & Morton, 1951) (Tables 1 and 2 ). It would seem that the figures correspond to a different proportion of all-trans-and neovitamin A from that present in factory-produced whale-liver oil, so that some isomerization takes place during drying and extraction by factory methods. By analogy with other properties of oils from raw livers, such as the shape of absorption curve, it is possible that, while the percentage of neovitamin A is variable in raw materials, it becomes more constant in the factoryproduced liver oil. It also would appear that some substance with its maximum at a higher wavelength than that of vitamin A is a contaminant of the vitamin A fraction of the oil from raw liver. This is thought to be derived from the 'oxidized material' in which there is at least one substance not yet found in factory-produced liver oil. Several mixtures of alumina, supplied by Unilever Ltd. and of Grade 'O' alumina (Peter Spence Ltd.) were tried in the chromatographic method, but it did not prove possible to reduce the ratios on the portion of the curve to the long wavelength side of the maximum. An examination of the material leaving the column before the vitamin A was therefore made. siderable interval between killing of the whale and the time when the liver becomes available. However, the possibility of the additional maximum being due to the presence of anhydrosubvitamin A is not excluded (Embree & Shantz, 1943 The figures for cx-and ,B-carotene are taken from Karrer & Jucker (1950) . The belief that a carotenoid, probably carotene, occurs here is not proved, though the ease of elution certainly points to the presence of a hydrocarbon.
The 'oxidized material 'fraction. This consisted of two and sometimes three main fractions, the first (tubes 9-13 above) having A,.. at about 352 mit., and the second having a long flat maximum from about 337-347 m,. and giving distinctive colours in the Carr-Price spot test. One sample of liver (only three were examined) gave a third fraction with A 280-285 m,u. The solvents for these crude fractions are not quoted, since the solutions were prepared by diluting the ether-light petroleum mixture from the chromatogram with cyclohexane for the spectrophotometer. Other less well characterized fractions were found. When subjected to further chromatography the second fraction was readily enriched, giving at first a maximum at 356 m ,. (solvent, n-hexane) and E'°= 5-04.
Further chromatography of the combined material from five initial chromatograms gave 0-031 g. of material with maximum absorption at 355 m,u. and El "I = 105 (solvent, n-hexane By treatment of vitamin A with acid potassium permanganate, Meunier & Jouanneteau (1948) obtained, in addition to vitamin A aldehyde, a substance which gave a maximum at 345 m,. in chloroform which they considered to be an epoxide of vitamin A aldehyde, and it is possible that these materials are related.
DISCUSSION
It is not yet possible to say that the cephalopod liver contains astaxanthin rather than astacene, although this is expected to be the case. In the salps, however (see Appendix), there is a slight indication of the presence of astaxanthin. In the case of Antarctic whalebone whales, Fisher, Kon & Thompson (1952) have shown that pigments are not absorbed in the gut and that they become steadily more concentrated in their passage along the alimentary canal. The brown colour of sperm whale faeces is, however, in contrast to the red colour of those of whalebone whales, and further work is needed. Occasionally, too, the whalebone whales seem to absorb pigments, which are laid down either in the liver, giving rise to red-tinged oils seen sometimes during factory production, or in the blubber. 'Red whale oil' was examined by Schmidt-Nielsen, Sorensen & Trumpy (1932) and by Burkhardt, Heilbron, Jackson, Parry & Lovem (1934) , and astacene was detected. The red oils occasionally extracted from livers on F.F.S.
Balaena have up to the present shown no astacene or astaxanthin but exhibit a general absorption from 370 to 405 m,u. dropping sharply in the blue or violet regions. Further examination of these materials will be needed as and when they can be found. Their vitamin A potency appeared to be unusually high.
It is unfortunate that there is insufficient information to compare the amounts of vitamin A ingested and deposited in the sperm liver. Because of the great variation in size of the cephalopods, the problem is very different from the corresponding one in the case of the whalebone whales feeding on krill. Very little is known at present about the rate of consumption of the food of the sperm whale, or of the total amount of vitamin A contained therein. SUMMARY 1. The presence of vitamin A in the liver of an Antarctic cephalopod was confirmed, and the presence of provitamin D, astacene (or astaxanthin) was detected.
2. Vitamin A isolated chromatographically from raw sperm-whale liver was compared with the Morton standards of 1948 and 1951. 3. The anhydrovitamin A fraction of raw sperm liver was found to contain a carotenoid, probably carotene.
4. A substance of unknown nature present in the 'oxidized material' fraction was detected and partially purified.
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